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I IXTRODUCTION 
Phase  I a  of t h e  p r e s e n t  c o n t r a c t  was c o n c e r n e d  w i t h  t h e  s y n t h e s i s ,  
c h a r a c t e r i z a t i o n ,  and d e l i v e r y  t o  Jet  P r o p u l s i o n  L a b o r a t o r y  of s u b -  
s t a n t i a l  amounts  of polymers from 1 - v i n y l n a p h t h a l e n e ,  2 - v i n y l n a p h t h a l e n e .  
and 4 - v i n y l b i p h e n y l .  
Because  i t  w a s  a g r e e d  t h a t  po lymers  of s e v e r a l  d i f f e r e n t  m o l e c u l a r  
w e i g h t s  would be p r e p a r e d  and t h a t  t h e s e  po lymers  would h a v e  n a r r o w  
m o l e c u l a r  w e i g h t  d i s t r i b u t i o n s ,  a n i o n i c  l i v i n g  polymer t e c h n i q u e s  were 
used. 
I 
I n  t h e  a n i o n i c  p o l y m e r i z a t i o n  o f  v i n y l a r o m a t i c  monomers, t h e  reac- 
e @  t i v e  c h a i n - p r o p a g a t i n g  s p e c i e s  [R-CH,,-CHAr] 
z y l i c  a n i o n  wh ich  i s  s t a b l e  i n d e f i n i t e l y  i n  an i n e r t  e n v i r o n m e n t .  The 
m a c r o m o l e c u l a r  an ions  are c a l l e d  " l i v i n g  p o l y m e r s "  b e c a u s e  t h e y  w i l l  
resume c h a i n  g r o w t h  i n  t h e  p r e s e n c e  of a d d i t i o n a l  monomer. 
M -  i s  a s u b s t i t u t e d  ben-  
I n  t h e  b u t y l l i t h i u m - i n i t i a t e d  p o l y m e r i z a t i o n  of v i n y l a r o m a t i c s ,  
e a c h  "molecule" o f  b u t y l l i t h i u m  g e n e r a t e s  o n e  c h a i n  p r o p a g a t i n g  a n i o n .  
Po lymer  m o l e c u l a r  w e i g h t  i s  t h e r e f o r e  d e t e r m i n e d  by t h e  q u a n t i t i e s  of 
mcacmer and i n i t i s t c r ,  scccrding tc! the equlattor. 
grams monomer 
moles of i n i t i a t o r  M =  
Polymers w i t h  p r e d e t e r m i n e d  m o l e c u l a r  w e i g h t s  c a n  t h u s  be p r e p a r e d  b y  
a d j u s t i n g  t h e  q u a n t i t i e s  of monomer and i n i t i a t o r .  
S i n c e  i n  any homopo lymer i za t ion  a l l  m a c r o m o l e c u l a r  a n i o n s  h a v e  
e q u i v a l e n t  r e a c t i v i t i e s ,  c h a i n  g rowth  and c h a i n  l e n g t h  ( m o l e c u l a r  
w e i g h t )  d i s t r i b u t i o n  a r e  governed by p r o b a b i l i t y  c o n s i d e r a t i o n s .  
Theory' shows t h a t  t h e  r e s u l t i n g  po lymer  h a s  a P o i s s o n  d i s t r i b u t i o n  of 
c*hain l e n g t h s  (M /M = 1). 
w n  
Any r e a c t i v e  i m p u r i t i e s  such a s  p r o t o n i c  compounds, c a r b o n y l  com- 
pounds ,  h a l o g e n  compounds, o x i d i z i n g  a g e n t s ,  e t c . ,  c a n  " k i l l "  some of 
1 
the. g t ~ ~ w i t i g  ( . t i n i l i s ,  I l i ~ ~ * ~ b y  broatlcninK t he  111ole~,i11 a r  w e i g h t  ( l i s t  r i b u t . 1 O r l .  
b:legiliic \ ' i l ( ' t l l l l t i  . ; j . s t c n i  t e ~ t i n i q ~ e s '  '"$4 ~ i a v c  been clcvelopeti to n t t n i r i  t ) l t b  
s< i lq i~pi i lous  p i r r i l i r s  n e c e s s a r y  t o  pi'epnr-e po lymers  h a v i n f i  M /h'l appi 'ox i -  
tniil i ng  1 .  t l o w c v c , I * ,  l)), working  i n  an i n e r t  atinospher-t. i t  i \  poi: . : iblc  1 0  
p t * c ' p i i t * t s  t * c i i w n a b l y  monotiispct*sc p o l y m e r s  us ing  s t a n d n r - r ~  g l o s s w a ~ ' t >  .'; t i  
'I'hc i i (>y  l o  t tic. l a t t e r  p r o c e d u r e  is t h a t  de1c t t . r - ious  irnpuri t i c s  a r e  rcJ-. 
movcti  1 ' t . o m  the p o l y m e r i z a t i o n  medium and f rom t h e  monomer by t i t r a t  i o n ,  
before p o l v n i e r i z a t i o n  (under'  c o n d i t i o n s  where  p o l y m e r - i z a t i o n  i s  slow), 
w i t h  l h e  r e a c t i v e  a n i o n  which c o n s t i t u t e s  t h e  i n i t i a t o r .  With t h i s  
p r o c e d u r e  i t  is  p o s s i b l e  t o  p r e p a r e  p o l y m e r s  h a v i n g  m o l e c u l a r  w e i g h t s  
o r  n b v i i t  10''. H i g h e r  m o l e c u l a r  w e i g h t  po lymers  r e q u i r e  s u c h  l o w  l e v e l s  
of'  i n i t i a t o r  t h a t  u n a v o i d a b l e  t r a c e  i m p u r i t i e s  u s u a l l y  s e r i o u s l y  i n t e r -  
fere w i t h  t h e  p o l y m e r i z a t i o n .  
w n  
P o 1 4  m c  ri  r.a t i o n s  o f  1 - v i n y l n a p h t h a l e n e ,  2-v i n p  l n a p h  t h a l c n e ,  and 
4 - v i n y l b i p h e n y l  were c a r r i e d  o u t  u s i n g  l i v i n g  po lymer  t e c h n i q u e s  u n d e r  
a n  ine1. t  a t m o s p h e r e  w i t h  b u t y l l i t h i u m  i n  b e n z e n e .  Narrow d i s t r i b u t i o n  
m o l e c u l a r  w e i g h t  po lymers  of d i f f e r e n t  m o l e c u l a r  w e i g h t  were p r e p a r e d  
and t h e n  f r a c t i o n a t e d .  They were c h a r a c t e r i z e d  by gel p e r m e a t i o n  
ch romatography .  
d e v e l o p e d .  
An improved  s y n t h e s i s  of 1 - v i n y l n a p h t h a l e n e  was 
I11 RESULTS AND DISCUSSION 
A .  P o l v m e r i z a  t i o n  P r o c e d u r e  
The  b e n z e n e  p u r i f i c a t i o n  s y s t e m  i s  i l l u s t r a t e d  i n  Figure 1. The 
a r g o n  s c r u b b e r  A and t h e  s o l v e n t  r e s e r v o i r  B were assembled ahead  of 
t i m e  and f l u s h e d  w i t h  a r g o n .  Dry benzene  ( a b o u t  150 and 1500 m l ,  re- 
s p e c t i v e l y ) ,  1 . 6  M b u t y l l i t h i u m  ( 2 0  m l  to e a c h )  and s t y r e n e  ( 2  ml to  
e a c h )  wt?re t h e n  added to  t h e  s c r u b b e r  and r e s e r v o i r ,  and t h e  e x i t  ( 1 1  B 
was s t o p p e r e d  u n t i l  r e a c t i o n  f l a s k  C w a s  a t t a c h e d .  D u r i n g  s e v e r a l  h o u r s  
bot  h so 1 u t  i o n s  g r a d  ua 1 1 y a t  t a i ned  t h e  c ha r a c  t e r i s t i c y e  1 1 ow -0 rang  t' t o 
red c o l o r  o f  t h e  R-CH,CHPh a n i o n .  A l l  s u b s e q u e n t  o p e r a t i o n s  were pc'r- 
formed w i t h  a s t r e a m  of a rgon  moving t h r o u g h  t h e  s y s t e m .  F l a s k  C ,  f ' i t -  
tee! k i t h  a T e f l o n  c o v e r e d  s t i r r i n g  b a r ,  a t he rmomete r  (nt, 3 ) ,  a 125-ni1 
g r a d u a t e d  a d d i t i o n  f u n n e l  w i t h  a T e f l o n  s t o p c o c k  ( a t  4 ) ,  a serum c a p  
( a t  6 ) ,  and an e x i t  t u b e  ( a t  7) l e a d i n g  to a m i n e r a l  o i l  U-bubbler  ( U ) ,  
was a t t a c h e d  v i a  t h e  c o n d e n s e r  ( a t  2 ) .  F l a s k  C and t h e  a d d i t i o n  f u n n e l  
were f l amed  and c o o l e d  u n d e r  a r g o n ,  and t h e  a d d i t i o n  f u n n e l  was s e a l e d  
w i t h  a serum c a p  ( a t  5 )  The t u b e  c o n n e c t i n g  t h e  e x i t  7 t o  D was 
a r r a n g e d  so t h a t  any  c o n d e n s i n g  v a p o r s  c o u l d  n o t  d r a i n  back i n t o  C .  
About 600 m l  benzene  were d i s t i l l e d  from B t o  C. Dur ing  t h e  l a t t e r  
stages of t h e  d i s t i l l a t i o n ,  125 ml benzene  w a s  t r a n s f e r r e d  from C to 
t h e  a d d i t i o n  f u n n e l  w i t h  a 1 0 0 - m l  s y r i n g e  h a v i n g  a 6 - i n c h  n e e d l e  ( v i a  
c a p s  a t  6 and 5 ) .  When t h e  d i s t i l l a t i o n  was f i n i s h e d  B was b rough t  t o  
room t e m p e r a t u r e ,  removed from t h e  s y s t e m ,  s t o p p e r e d ,  and set a s i d e  f o r  
f u t u r e  u s e  so l o n g  a s  t h e  a n i o n  s u r v i v e d .  F l a s k  C was q u i c k l y  r e a t t a c h e d  
t o  t h e  a r g o n  s u p p l y  a t  7 and t h e  e x i t  b u b b l e r  D a t t a c h e d  a t  1 ( F i g u r e  2 ) .  
8 
The i n i t i a t o r  s o l u t i o n  was p r e p a r e d  by a d d i n g  t o  t h e  a d d i t i o n  f u n -  
n e l  w i t h  s y r i n g e s  0 .80  m l  1 . 6  M b u t y l l i t h i u m  and 0 . 5  m l  monomer, g i v i n g  
a n  i n i t i a t o r  c o n c e n t r a t i o n  of abou t  0 .01  meg. p e r  m l .  Warming w i t h  a 
1 1 c a ~  guii hastend t Z c  farmaticx zf t h e  c o l ~ r e c !  a r ~ i n n .  The benzene i n  C: 
was t h e n  h e a t e d  t o  r e f l u x  and t i t r a t e d  w i t h  t h e  i n i t i a t o r  s o l u t i o n  t i n t i 1  
n y e l l o w  c o l o r  p e r s i s t e d .  The r e f l u x i n g  and t i t r a t i o n s  s h o u l d  be c o n t i n -  
ued f o r  a b o u t  2 h o u r s  and may consume 10 t o  30 m l  i n i t i a t o r .  s o l u t i o n .  
A f t e r  r e a c t o r  C w a s  c o o l e d  to 5-10', a d d i t i o n  of t h e  f r e s h l y  p u r i ! i ~ ~ d  
monomers ( w i t h  a s y r i n g e  v i a  serum c a p  a t  6 i f  l i q u i d ,  o r  a s  a brlnzt=ric, 
s o l u t i o n  i f  s o l i d )  d i s s i p a t e d  t h e  y e l l o w  c o l o r .  I m p u r i t i e s  i n  the m o n o -  
mer were t i t r a t e d  a t  5-10' by a d d i n g  i n i t i a t o r  u n t i l  t h e  c o l o r e d  a n i o n  
p e r s i s t e d  f o r  0 . 5  h o u r .  A f t . o r  C was b r o u g h t  t o  50' w i t h  a w n r m  watc'r 
b a t h ,  t h e  r e q u i r e d  amount of i n i t i a t o r  was a d d e d .  In 5-15 m i n u t e s  an  
e x o t h c r m  was o b s e r v e d ;  w i t h i n  30 m i n u t e s  t h e  s o l u t i o n  sometimes became 
q u i t e  v i s c o u s .  The t e m p e r a t u r e  was k e p t  a t  a b o u t  50' f o r  6 h o u r s  w i t h  a 
h e a t  lamp,  t h e n  t h e  p o l y m e r i z a t i o n  was t e r m i n a t e d  by a d d i n g  a f e w  drops 
o f  i s o p r o p a n o l .  The polymer  was p r e c i p i t a t e d  by s l o w l y  a d d i n g  the v i i c r * o a s  
L..-& 
s o l u t i o n  to  2 t o  3 l i t e r s  of methanol  s t i r r i n g  i n  a 1 - g a l l o n  Waring 
Blendor. C o n v e r s i o n  was U s u a l l y  of t h e  order of 90%. 
€3. Polymer F r a c t i o n a t i o n  
Al though  many of t h e  po lymers  p r e p a r e d  u s i n g  t h e  p r o c e d u r e  j u s t  de- 
sc r ibed  were of r e a s o n a b l y  narrow m o l e c u l a r  we igh t  d i s t r i b u t i o n  (see T a b l e  
I V ,  V, and V I ) ,  a l l  s a m p l e s  s u b m i t t e d  t o  t h e  Je t  P r o p u l s i o n  L a b o r a t o r y  were 
f r a c t i o n a t e d  t o  f u r t h e r  na r row t h e  m o l e c u l a r  w e i g h t  d i s t r i b u t i o n .  
The f r a c t i o n a t i o n s  were carried o u t  i n  two 1 4 - g a l l o n  c o n s t a n t  t e m -  
p e r a t u r e  b a t h s ,  e a c h  w i t h  a s p e c i a l  5 - l i t e r  3-necked  f l a s k  w i t h  a w e l l  
on t h e  bottom. 
The u s u a l  p r o c e d u r e  was t o  make up a 3% s o l u t i o n  of polymer i n  ben 
z e n e  ( a b o u t  30 g i n  1000 m l ) ,  h e a t  t h i s  s o l u t i o n  w i t h  s t i r r i n g  and u n d e r  
n i t r o g e n  t o  5OoC, and t h e n  s l o w l y  add me thano l  u n t i l  t h e  s o l u t i o n  becomes 
c l o u d y .  T h i s  o r d i n a r i l y  r e q u i r e d  f r o m  260 t o  300 m l  of m e t h a n o l .  The 
c l o u d y  s o l u t i o n  was t h e n  s l o w l y  c o o l e d  t o  room t e m p e r a t u r e  and t h e  g e l  
a l l o w e d  to  se t t le  t o  t h e  bot tom of t h e  w e l l .  The s u p e r n a t a n t  l i q u i d  was 
d e c a n t e d  and t h e  gel  added to a Waring B l e n d o r  w i t h  m e t h a n o l .  A f t e r  
t h o r o u g h  b l e n d i n g ,  t h e  s o l i d  was f i l t e r e d ,  washed w i t h  f r e s h  m e t h a n o l ,  
and  d r i e d  i n  a vacuum oven  a t  80°C f o r  24 h o u r s .  
C. Monomer P u r i f i c a t i o n  
The monomers used  i n  t h i s  r e s e a r c h  were p u r c h a s e d  f rom t h e  R e s e a r c h  
O r g a n i c  Chemica l  Co. and f rom t h e  A l d r i c h  Chemica l  C o .  They were q u i t e  
impure and r e q u i r e d  e x t e n s i v e  p u r i f i c a t i o n .  I n d e e d ,  t h e  most d l f f ' 1 ~ u l t  
a s p e c t  of t h i s  work h a s  been t h e  a c q u i s i t i o n  of t h e  monomers and t h e i r  
r e f i n e m e n t  t o  t h e  h i g h  p u r i t y  n e c e s s a r y  f o r  good a n i o n i c  p o l y m s r i z n t i n n .  
1 - V i n y l n a p h t h a l e n e ,  as o b t a i n e d  c o m m e r c i a l l y ,  was a m i x t u r e  of 30 
to 40% monomer i n  low m o l e c u l a r  w e i g h t  po lymer .  The y e l l o w  vlscous mass 
was d i s s o l v e d  I n  benzene  and added s l o w l y  t o  a l a r g e  volume of 65' l i g r o i n  
t o  p r e c i p i t a t e  t h e  p o l y m e r s .  The  s o l u t i o n  of monomer i n  l i g r o i n  was t h e n  
p a s s e d  t h r o u g h  a column w i t h  s i l i c i c  a c i d  and a l u m i n a  i n  a l t e r n a t i n g  l a y e r s  
4 
t i n t  i 1 n o  1 1 1 0 1 ' ~  c ~ ) l o t -  W I I S  tx~movctl. A l ' t c t -  c.onc*cnt r a t i o n  on a r o t a r y  c v a p -  
o t * r i t o i * ,  - v i n y l i i a p i i t h n l e n e  w n s  d i s t i l l e d  i n  vacuo ( b . p .  55 C ,  0 . 2  t o r r . ) .  
T h c  d i s t  llcci pwtluc.t  had n l a i n t  y e l l o w  co lor .  Crude  1 - v i n y l n n p h t h a l c n e  
~ ~ i v ~ ) a i ~ c I  ; i t  SRf b y  clchydi*at i o n  of 1 - n a p h t h y l c t h n n o l  was d i s s o l v e d  i n  
1 i g i * o i i i ,  separated from w n t e r ,  and p u r i f i e d  by t h e  s i l i c i c  a c i d - a l u m i n a  
t I * c i 1 t l n e l l t  ns n l r e n d y  d e s c r i b e d .  Whi le  t h e  i n i t i a l l y  d i s t i l l i n g  p r o d u c t  
was I ' n i n t l y  y e l l o w ,  much of t h e  d i s t i l l e d  p r o d u c t  wns co lor less .  
The y e l l o w  commerc ia l  2 - v i n y l n a p h t h a l e n e  and  4 - v i n y l b i p h e n y l  were 
d i s s o l v e d  i n  l i g r o i n  and a b e n z e n e - l i g r o i n  m i x t u r e ,  r e s p e c t i v e l y ,  and 
p a s s e d  t h r o u g h  a column o f  s i l i c i c  a c i d  and a l u m i n a  u n t i l  no more c o l o r  
was removed. Then t h e  s o l u t i o n s  were c o n c e n t r a t e d  on a r o t a r y  e v a p o r a -  
t o r .  The  r e c o v e r e d  monomers were r e c r y s t a l l i z e d  from methano l  and t h e n  
sub l imed  i n  v a c u o .  2 -Ving lnaph tha lene  s u b l i m e d  a t  50-60°, 4 - v i n y l b i -  
p h e n y l  a t  90-100". In some p u r i f i c a t i o n s  t h e  r e c r y s t a l l i z e d  monomer was 
d i s s o l v e d  i n  benzene  and t r e a t e d  w i t h  t h e  o r g a n o l i t h i u m  p o l y m e r i z a t i o n  
i n i t i a t o r  u n t i l  t h e  c h a r a c t e r i s t i c  co lo r  of t h e  c a r b a n i o n  began  t o  form.  
The m i x t u r e  was t h e n  r a p i d l y  c o o l e d  w i t h  i c e ,  t h e  benzene  s t r i p p e d  o f f  
i n  vacuo,  and t h e  monomer subl imed w i t h o u t  e x p o s u r e  t o  a i r .  The p u r i f i e d  
2 - v i n y l n a p h t h a l e n e  u s u a l l y  m e l t e d  a t  66-67', b u t  o c c a s i o n a l l y  began t o  
melt a s  l o w  as  60". The p u r i f i e d  4 - v i n y l b i p h e n y l  u s u a l l y  melted a t  120- 
122', b u t  o c c a s i o n a l l y  began t o  melt as l o w  as  105'. Both  monomers were 
co lor less  a f t e r  s u b l i m a t i o n .  
D .  S v n t h e s i s  of 1 - V i n y l n a p h t h a l e n e  
Because  of d e l a y s  i n  r e c e i v i n g  t h i s  monomer and t h e  f a c t  t h a t  i t  
was u s u a l l y  r e c e i v e d  a s  60-7040 polymer ,  i t  w a s  d e c i d e d  t o  s y n t h e s i z e  









A t y p i c a l  p r o c e d u r e  i s  g i v e n  below. I t  i s  d e s c r i b e d  i n  some d e t a i l  be -  
c a u s e  i t  r e p r e s e n t s  a c o n s i d e r a b l e  improvement o v e r  t h o s e  r e p o r t e d  i n  
t h e  l i t e r a t u r e . 6 ”  
Magnesium t u r n i n g s  (24.3 g ,  1 mole )  were p l a c e d  i n  a 2 - l i t e r  
3-necked f l a s k  e q u i p p e d  w i t h  a m e c h a n i c a l  s t i r r e r ,  a r e f l u x  condensc-r ,  
and a 1- l i ter  a d d i t i o n  f u n n e l .  A n i t r o g e n  a t m o s p h e r e  was m a i n t a i n e d  
i n  t h e  f l a s k .  Af te r  t h e  e n t i r e  a p p a r a t u s  w a s  f l a m e d ,  207 g ( l  mole) of 
f r e s h l y  d i s t i l l e d  1 -b romonaph tha lene  (Eastman Kodak, b .  p .  1 0 0 ° C ,  
1 t o r r . )  and 500 ml of d r i e d  t e t r a h y d r o f u r a n  were p l a c e d  i n  t h e  a d d i -  
t i o n  f u n n e l  and a small  p o r t i o n  added t o  t h e  s t i r r e d  magnesium t u r n -  
i n g s .  The m i x t u r e  w a s  s t i r r e d  and h e a t e d  g e n t l y  u n t i l  t h e  r e a c t i o n  
began .  The r e m a i n i n g  s o l u t i o n  was t h e n  added  s l o w l y  so as  to  m a i n t a i n  
g e n t l e  r e f l u x .  On c o m p l e t i o n  of t h i s  r e a c t i o n ,  44 g (1 mole) of a c e -  
t a l d e h y d e  (Eastman Kodak, u s e d  a s  r e c e i v e d )  d i s s o l v e d  i n  300 m l  of 
t e t r a h y d r o f u r a n  was s l o w l y  added f r o m  t h e  a d d i t i o n  f u n n e l .  Next,  
150 g of ammonium c h l o r i d e  i n  500 m l  of water were added w i t h  r a p i d  
s t i r r i n g ,  t h e  m i x t u r e  t r a n s f e r r e d  t o  a s e p a r a t o r y  f u n n e l ,  antl t h c  
a q u e o u s  l a y e r  s e p a r a t e d .  A f t e r  w a s h i n g  t w i c e  w i t h  t e t r a h y d r o f u r a n ,  
tlic combincd e x t r a c t s  and t h e  o r i g i n a l  o i - g a n i c  l a v e r  were combincd 
a n t l  t h e  t e t r a h y d r o f u r a n  removed by d i s t i l l a t i o n .  The r e m a i n i n g  brown 
s o l i d  w a s  r e f l u x e d  w i t h  750 m l  of p e t r o l e u m  e i t h e r  (G5-110‘C) and t h e  
c.ooled s o l u t i o n  f i l t e r e d  and washed twice w i t h  50 m l  of p e L ~ ~ o l c u m  
e i t h e r .  T h e  y i e l d  was 7 2 . 0  g (41 .9%)  m.p.  6 5 ° C .  
The d e h y d r a t i o n  was pe r fo rmed  a s  f o l l o w s :  2 - f o o t - l o n g ,  l - i n c h -  
d i a m e t e r  P y r e x  column p r o v i d e d  w i t h  a t h e r m o c o u p l e  well was packed t o  
a l e n g t h  of  1 4  i n c h e s  w i t h  4-mesh Alcoa  a c t i v a t e d  a l u m i n a  and topped  
w i t h  a 1 - i n c h  h e i g h t  of  g l a s s  b e a d s .  A dropping.  f u n n e l  c o n t a i n i n g  t h e  
c a r b i n o l  was p l a c e d  on t o p  of t h e  column and a r e c e i v i n g  f l a s k  c o o l e d  
t o  -76‘C a t  t h e  bottom. A 0 . 5 - t o r r  vacuum was e s t a b l i s h e d ,  t h e  
column was h e a t e d  t o  300°C,  and t h e  c a r b i n o l  was m e l t e d  i n  t h e  d r o p -  
p i n g  f u n n e l  b y  means of a n  i n f r a r e d  lamp and a l l o w e d  to d e g a s 5  f o r  
o n e  h o u r .  The m o l t e n  c a r b i n o l  w a s  nex t  s l o w l v  a l l o w e d  t o  d r o p  t h r o u g h  
t h e  column and t.he p r o d u c t  c o l l e c t e d  i n  t h e  r e c e i v i n g  f l a s k .  The y i e l d  
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of  1 - v i n y l n a p h t h a l e n e  was u s u a l l y  of t h e  o r d e r  o f  90% 
E .  Polymer C h a r a c t e r i z a t i o n  
The b u l k  of t h e  polymer  c h a r a c t e r i z a t i o n  w a s  pe r fo rmed  u s i n g  a 
Waters A s s o c i a t e  g e l  p e r m e a t i o n  ch romatograph  e q u i p p e d  w i t h  o n e  10' k ,  
t w o  lo6 A ,  and two lo4 1 p o l y s t y r e n e  g e l  co lumns .  T o l u e n e  was used  a s  
t h e  c a r r i e r  and t h e  i n s t r u m e n t  was o p e r a t e d  a t  7 O o C .  
A t y p i c a l  g e l  p e r m e a t i o n  ch romatograph  i s  shown i n  F i g u r e  3 .  I n  
F i g u r e  4 i s  shown a c a l i b r a t i o n  p l o t  o b t a i n e d  w i t h  compounds o f  known 
c h a i n - l e n g t h ,  s u p p l i e d  by Wate r s  A s s o c i a t e s .  T h i s  c a l i b r a t i o n  c a n  t h e n  
be u s e d  t o  determine t h e  c h a i n  l e n g t h  of unknown molecular w e i g h t  com- 
pounds by m e a s u r i n g  c u r v e  h e i g h t s  on  t h e  gel  p e r m e a t i o n  trace for e a c h  
c o u n t ,  t h u s  d e t e r m i n i n g  t h e  number of c h a i n s  f o r  e a c h  p a r t i c u l a r  c h a i n  
l e n g t h .  These  d a t a  can  t h e n  be  c o n v e r t e d  to  A and A which are 
e s s e n t i a l l y  number a v e r a g e  and we igh t  a v e r a g e  m o l e c u l a r  w e i g h t s  i n  
Angs t roms.  T a b l e  I shows t h i s  c a l c u l a t i o n  f o r  t h e  ch romatograph  d e -  
p i c t e d  i n  F i g u r e  3. 
n W t  
I n  o r d e r  t o  o b t a i n  a c t u a l  m o l e c u l a r  w e i g h t s  i t  i s  n e c e s s a r y  t o  
m u l t i p l y  t h e s e  q u a n t i t i e s  by a f a c t o r  Q s u c h  t h a t ;  
Mw = QwAw Mn = QnAn and 
The q u a l i t y  Q i s  d e f i n e d  as  t h e  m o l e c u l a r  w e i g h t  p e r  Angstrom 
l e n g t h  c o n s i d e r i n g  o n l y  v a l e n c e  a n g l e s  and bond l e n g t h s  i n  a f u l l y  
e x t e n d e d  m o l e c u l e .  I n  v i n y l  po lymers  t h i s  r e p e a t  d i s t a n c e  i n  an 
e x t e n d e d  c h a i n  i s  2.55 1, and t h e r e f o r e  Q v a l u e s  s h o u l d  be o b t a i n a b l e  
by d i v i d i n g  t h e  m o l e c u l a r  we igh t  o f  t h e  r e p e a t  u n i t  M by 2 . 5 5 .  
0 
I n  a c t u a l  p r a c t i c e ,  Q v a l u e s  a r e  o b t a i n e d  f rom t h e  s l o p e  of p l o t s  
of m o l e c u l a r  w e i g h t s  o b t a i n e d  from l i g h t  s c a t t e r i n g  and osmometry meas- 
u r e m e n t s  a g a i n s t  A v a l u e s  o b t a i n e d  f rom g e l  p e r m e a t i o n  d a t e .  
T a b l e  I1 shows t h e  r e s u l t s  o f  m o l e c u l a r  w e i g h t  measurements  for  
p o l y - 2 - v i n y l n a p h t h a l e n e  and p o l y - 4 - v i n y l b i p h e n y l . *  P l o t s  of these 
*The l i g h t  s c a t t e r i n g  and osmometry measurements  shown in T a b l e  I 1  arere 
( . a r r i e t i  o u t  a t  .JPL by D L ; .  JUvaii :ilr:oazanin CEC? M Y .  R .  L a n d e n q l a g e r .  
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v a l u e s  v q .  c o r r e s p o n d l n g  A v a l u e s  a r e  Yhown i n  F i g u r e s  5 ,  f5 ,  7 ,  and 8 .  
T a b l e  111 5hows Q v a l u e s  a c t u a l i y  ob ia i r led  and t h o s c  c a l c u l 3 t e d  P(3 lv -  
s t  v r e n e  and p o l y a c e n a p h t h a l e n e  have heen i n c l u d e d  f o r  t h e  sakt.  nf l i l t  t 3 r . < t 5 f  
- 
I t  w i l l  be n o t e d  t h a t  the va luch  o f  Qw arid Ql,, while s i n i i J a i ' .  : w C '  i i o t  
i d c n t  ic:al i o  t .ha t  t h e  m o l e c u l a r  we igh t  d i s t r i b u t i o n  of an u I i k n t - ) i v t l  vi1iC'r 
c a n n o t  a lways  be o b t a i n e d  from a r a t i o  o f  A ,/A . I t  w i l l  a l s o  bc n o t i d  
t h a t  t h e  c a l c u l a t e d  Q v a l u e s  are  v e r y  close t o  t h e  measured  Q v a l u e s .  
T h i s  e x c e l l e n t  agreement  i s  to a l a r g e  measu re  due  t o  t h e  f a c t .  t h a t  t h e  
i n i  t i a l  c a l i b r a t i o n  was per formed w i t h  p o l y s t y r t a i e  where  an <~utc+iiclc~cl 
c h a i n  c o n f i g u r a t i o n  was assumed,  and t h u s  i n d i c a t e s  t h a t  t h e s e  v i n y l  - 
a r o m a t i c  po lymers  i n  s o l u t i o n  have  t h e  same e f f e c t i v e  s i z e  
w n  
w 
' D e t a i l e d  c h a r a c t e r i z a t i o n  of a l l  po lymer  samples d e l i v e r e d  t o  t h e  
J e t  P r o p u l s i o n  L a b o r a t o r y  are shown i n  T c i b l e s  I V ,  V ,  and V I .  Ir i  c a l c u -  
l a t i n g  t h e  d a t a  for p o l y - 1 - v i n y l n a p h t h a l e n e ,  i t  was assumed t h a t  Q and 
Qn would be i d e n t i c a l  t o  t h o s e  o b t a i n e d  f o r  p o l y - 2 - v i n y l n a p h t h a l e n e .  
W 
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T; ib le  I 
CALCULATION OF An AND Aw F O R  SAMPLE 
8080-60-1 
H e i g h t  
I I i  : 











C h a i n  
Length 
A i  
- 
8.4 x io3 
4.9 x io3 
2.8 x io3 
1.6 x io3 
9.6 X loa 
5.6 X 10' 
3.6 X lo2 
- 














220 , 500 




1 , 080 
- 
941 , 660 
M 
= 1694.6 
n 1 c M i N i  - 395 
n Q c c -  0.23309 A = - =  
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Table I 1  
LIGHT SCATTERING AND OSMOhWI'RY DATA FOR 
POLI'-2-VINYL?JAPHTHLENE AND POLY -4 -VINYLBIPHENYL 
Code N o .  
8036-16 
8036-18 
8080 -44 -1 
8080-45-1 
8080 -46 -1 
8080 -48 -1 




8080 -51 -1 
8080-52-1 
8080-56-1 































































1 .81  
1 . 4 2  
1 .95  




1 .60  
1.86 
1.07 
1 .15  






l - J  
Table 111 
CALCULATED AND OBSERVED Q-VALUES FOR 
VARIOUS VINYLAROMATIC POLYMERS 


















6 3 . 1  
7 4 . 6  
4 1 . 9  
5 9 . 8  
Qn 
- 
7 5 . 0  
6 8 . 1  
4 6 . 9  
6 9 . 4  
6 0 . 4  
6 0 . 4  
7 0 . 6  
4 0 . 8  




Po 1 y s t y r en  e 
Pol  yacenaph t h a l e n e  
1 2  
Table IV 
CHARACTER I ZAT ION OF POLY -1 -V INYLNAPHTHALENE BY GEL PERMEATION 
CHROMATOGRAPHY 






8080 -65 -1 
8080-66-1 










































































































































































































563,400 1 579,5nC! 
I J 
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I '  
T a b l e  V I  
CHAR4CTERIZATION OF POLY-4-VINYLBIPHENYL BY G E L  PERMEATION 
CHROMATOGRAFFN 
Q = 68.1; Q = 74.6 n W 








8080 -53 -1 
8080-56-1 
8036-35 









































































58 , 200 
67,800 
248,300 

















































FIG. 1 APPARATUS FOR SOLVENT 
C 
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FIG. 2 APPARATUS FOR MONOMER POLYMERIZATION 
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COUNTS 
71-577)-111 
FIG. 4 CALIBRATION PLOT FOR GEL PERMEATION CHROMATOGRAPH 
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FIG. 5 POLY-2-VINYLNAPHTHALENE, PLOT OF NUMBER AVERAGE 
MOLECULAR WEIGHT DETERMINED BY OSMOMETRY vs.  A 
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FIG. 6 POLY -2-VINYLNAPHTHALENE, PLOT OF WEIGHT AVERAGE MOLECULAR 
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FIG. 7 POLY-4-VINYLBIPHENYL, PLOT OF NUMBER AVERAGE 
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1.-37?1)-1. 
POLY -4-VINY L B I PH ENY L, PLOT OF WE IGHT 
AV E R AG E MOL E C UL A R WE I G H T D ET  E R M 1 N ED 
BY LIGHT SCATTERING vs. A w  
